An elevation in urinary neopterin excretion is established to be a sensitIVe index of immune system activation in various disorders. In many of these conditions, a simultaneous increase in urine zinc output is observed, but this phenomenon remains largely unexplained. In previous studies in patients with different diseases, a significant correlation between urine zinc and neopterin was demonstrated. This suggests that the immune system may be involved in inducing an augmentation in urine zinc loss. As both zinc and neopterin are now known to influence oxidative processes, and lipid peroxidation has been demonstrated 10 play an important role in renal pathology, a protective role of the increase in urine zinc and neopterin, \\'hich might represent a manifestation of the acute phase reaction in the kidney, is discussed.
Introduction
For many generations. clinical chemists have devoted much of their activity into the research concerning biochemical changes connected with inflammation. A consistent pattern of alterations of serum protein levels during systemic inflammatory reaction. now known to be orchestrated mainly by interleukin-6 (IL-6). has been termed the acute phase reaction (I, 2). Later, marked elevation of the urinary excretion of a pteridine compound, subsequently identified as neopterin, was reported in the conditions associated with immune activation (3) (4) (5) . First described in 1979 (3) , this increase has been observed in viral infections including AIDS, various cancers, autoimmune disorders such as systemic lupus erythematosus, rheumatoid arhtritis, inflammatory bowel disease, type I. diabetes mel\litus. thyreoiditis, and in transplant patients experiencing rejection episodes (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Determination of urinary neopterin has now become a valuable tool in the assessment of HIV infection, or early diagnosis of graft rejection (4, 5, 11, 12) . Neopterin is known to be produced by activated macrophages (14) , and, to a minor extent, by other cells like B-lymphocytes (15) , or endothelial cells (16) under the influence of interferongamma (IFN-gamma). Similarly, a correlation with circulating gamma-interferon levels was described (17) , but the physiological role of the increased neopterin levels in the serum and, especially, in the urine remains ill defined.
Urinary zinc excretion and tubular dysfunction
Neopterin is not the only substance known to be elevated in the above mentioned disorders. An augmentation in urinary zinc output has long been observed in cancer or organ transplant recipients (18) (19) (20) (21) (22) . A decrease of serum zinc constitutes an integral part of the acute phase response (2) and is caused by IL-6 mediated increase in hepatic me-tallothionein (~3) . but the mechanism and implications of an increase in urine zinc remain still disputed. Elevated zincuria has been thought to represent a mainfestation of protein (mainly muscle) catabolism with consequent release of large quantities of zinc bound to low molecular weight compounds like amino acids (24) . This would increase the zinc concentration in primary urine and a point may be reached when the resorptive capacity of renal tubules will be surpassed. Nevertheless, in recent reports, no correlation of urine zinc and amino acids was found (25) . Recently, the role of renal tubular cells in zinc homeostasis was focused on (26), and a correlation of urinary zinc loss with tubular cell dysfunction was discovered (25) . Early experiments have shown that an increase in urinary zinc output can he obtained by endotoxin administration in experimental animals (27, 28) . Biologic effects of endotoxin are established to be mediated by cytokines released from mononuclear cell like interleukin-l (IL-I) and tumor necrosis factor-alpha (TNF-alpha). IL-l inhihits some tubular functions, e.g. natrium reabsorption (29, 30) . Thus, it may be possible that increased Jrinary zinc excretion accompanies the changes in natrium excretion and represents a manifestation of ~'~10kine action on renal tubular cells.
Connection between urinary zinc and neopterin output
The relationship between urinary zinc and neoptcrin excretion has been studicd in various disorders. ~eoptelin was selected as an indicator of the immune activation. With some exceptions, a significant :\xrelation between urinary zinc and neopoterin ex-_ retion was observed. In 19 patients with progressive ;:\ necological cancer we found elevated urine zinc c'\els in 7 patients. Zinc excretion was significantly _,)rrelated to neopterin (Spearman's rank coefficient, -.;=0.591, P=O.Ol) (22). Similarly, a significant corrdation was obtained in 17 cancer patients (rs= 1).5874, P<0.02), as well as in 74 patients with different diagnoses (rs = 0.4708, P <0.00 I) (31) . Marked increase in urine zinc was observed in transplant patients experiencing acute tubular necrosis and graft rejection (32) . Again, a correlation with neopterin excretion was noticed. These findings lend support to the contention that the increase in urine zinc may reflect elevated systemic cytokine activity. This association was found to be more complicated in HIV infection and inflammatory bowel disease, in which the expected rise in urine zinc is blunted by the deficiency of this nutrient (33, 34) . In these disorders, urinary loss of zinc sustained in the early course of the disease may not be replenished because of the presence of malabsorption. However. after the correction for decreased serum zinc levels, the excretory index was elevated in many patients with HIV infection (35) . The correlation between urinary zinc and neopterin was present only in patients with AIDS, but it was absent in those with earlier stages of HIV infection. A correlation between urinary zinc and neopterin was absent in 32 patients with inflammatory bowel disease (36) . On the other hand, this study found a significant correlation between urinary concentration of another trace metal, copper. and neopterin (rs = 0.3558, P<O. 05 ) and copper and N-acetyl-beta-D-glucosaminidase, an indicator of renal hlbular cell damage (rs= 0.4160, P<0.02). Interestingly, urinary copper excretion reaches values about 10 times lower than that of zinc while serum and tissue levels of both elements are comparable, so that copper deficit may not develop so easily as zinc deficiency.
Cytokines, acute phase response and the · kidney As stated above, neopterin production is controlled by lPN-gamma (15) , while renal tubular function was shown to be affected by IL-l (29, 30) . On the other hand, the actions of the respective cytokines show a significant overlap and are interconnected in a complex network, so that in many situations the different cytokines are released simultaneously (37) . IL-l, TNF-alpha and IL-6 are released by monocytes, and represent a first line of the host defence is produced by T cells defence. IFN-gamma, on the contrary, is produced by T cells and NK cells and reflects the activation of cellular immunity. The metabolic changes induced by IL-I, IL-6 and TNF-alpha involve modification of liver synthesis of some well-characterized proteins like C-reactive protein, alpha-l acid glycoprotein or fibrinogen 0). These changes, together with a decrease in circulating levels of iron and zinc, are called the acute phase reaction and represent an adaptation of the host metabolism for the defense of its integrity aimed, for example, at withdrawing essential nutrients from invading organisms or tumor cells, or at limiting the damage done by inflammation to the host cells (1, 2). IFN-gamma increases latter in the course of the disease, but in many hospital patients, both changes characteristic of the acute phase response and activation of cellular immunity are found. The acute phase response is still mostly presented as pertaining only to liver and circulating proteins originating from the liver (1). Only minor attention has been focused on the kidney. Nevertheless, kidneys may sustain a serious damage with potentially lethal consequences for the organism during systemic inflammatory response, as evidence by clinical trials inwhich the cytokines were administered (38) . Recently, in an experimental model an elevation in urinary space iron concentration was demonstrated to increase lipid peroxidation through the formation of hydroxyl radicals in Fenton reaction which led ultimately to the destruction of tubular cell membrance (39) . Elevation in urinary copper may have analogous effect. Mechanisms may have evolved to deal with similar situations. The most simple means of impeding this process is to restrict iron access to primary urine. Indeed, alpha-l acid glycoprotein, a major representative of the acute phase proteins, was shown to maintain glomeular permselectivity (40) . Other mechanisms may include diluting the reactants. As mentioned above, an increase of natriuresis was observed after administration of IL-I in experimental animals (29, 30) . A more direct response would involve an increase antioxidant activity in urine. The major antioxidants of the plasma (41) were poor candidates for this funtion in urine, as they are either not soluble in water (alpha-tocopherol), or may induce stone formation (uric acid and ascorbic acid). Zinc was demonstrated to possess both direct and indirect antioxidant activity (42) (43) (44) . Similarly, free radical scavenging activity of neopterin was described (45) . In a recent study, 7,8-dihydroneopterin was demonstrated to be a potent antioxidant, while neopterin was actually shown to increase toxicity mediated by free oxygen radicals in alkaline solution (46). 7,8- dihydroneopterin is known to correlate with neopterin levels and to be present in quantity well in excess of that of neopterin (47) . As the urinary pH is usually on the acid side, the free radical toxicity enhancing effencts of neopterin will probably not override antioxidant activity of 7,8-dihydroneopterin in the urine. Certainly, the situation may be different in other body fluids. Looking for the reason behind simultaneous increase in urine zine and neopterin, the antioxidant activity of zinc and 7,8-dihydroneoptelin seems to provide a teleologically plausible explanation. In the case of 7,8-dihydroneopterin, the increase of its concentrations in urine (paralleled by raised neopterin levels) that is some orders of magnitude higher than in other body fluids, may, indeed, reveal the major biological function of this compound, i.e. providing protection of renal tubular cells from oxidative damage. Pteridines / Vol.4 / No.4 
